INTRODUCTION
Sugarcane is a crop of great economic relevance, and it contributes to approximately 2% of the gross domestic product of Brazil (BIOSEV, 2013) . Brazil is the largest sugarcane producer in the world, and it produced more than 653 million tons of sugarcane in 2013/2014. The country also ranks first in sugar production, with a 25% global share, and it is responsible for 50% of the world's sugar export (UNICA, 2013) .
The State of Pernambuco, in the northeast region of Brazil, stands out in the Brazilian economic scenario, as it produces 15.07 million tons of sugarcane for the sugar and alcohol industries, and is the second-largest producer of sugarcane in Brazil (CONAB, 2013) . However, mean productivity is relatively low, with roughly 45 tons of sugarcane per hectare. The main reason that hampers improvements in sugarcane productivity is the interaction between sugarcane genotype and the environment, expressed mainly as diversity in soil characteristics, sloped terrains and irregular rainfall patterns, as long periods of drought are common in the region. Koffler et al. (1986) characterized the sugarcane belt in Pernambuco. They rated Mata Norte, Mata Sul (MS), Região Central, Litoral Norte (LN), and Litoral Sul (LS). For each microregion, the geology, geomorphology, climate, hydrology, natural vegetation, soil, and ecological zoning were characterized. They concluded that the agro-industrial performance of a given cultivar in one microregion could not be reproduced in another microregion. In addition, they reported that the environment may facilitate or obstruct the expression of particular characteristics of economic interest. According to Bressiani et al. (2002) , when the genotype-environment interaction is too robust, selection of superior cultivars is difficult. Therefore, it is clear that the development of new cultivars with excellent potential that respond advantageously to environmental improvements (i.e., adaptability) and with only slight variations in overall behavior when exposed to a different environmental setting (stability) is essential for any strategy developed to increase sugarcane production in Pernambuco. According to Dutra Filho et al. (2013) , several studies have addressed the genotype-environment interaction and phenotype adaptability and stability in sugarcane. These efforts, such as the relevant investigations conducted by Rea and Souza-Vieira (2002) , Kumar et al. (2004) , and Bastos et al. (2007) , to mention a few, attempt to shed more light on productivity improvement based on the selection of superior sugarcane cultivars.
The aim of the present study was to evaluate the agro-industrial performance, genetic parameters, and genetic gain of new sugarcane genotypes and select the genotypes that were most adaptable to edaphoclimatic conditions in the sugarcane microregions of the State of Pernambuco, Brazil.
MATERIAL AND METHODS
The experiments were performed in the cultivation areas of sugarcane processing plants taking part in the sugarcane genetic improvement program (Programa de Melhoramento Genético da Cana-de-açúcar) of Universidade Federal Rural de Pernambuco. The program is part of a university network established to promote the development of the sugar and alcohol sectors [Rede Interuniversitáriapara o Desenvolvimento do Setor Sucroenergético (PMGCA/UFRPE/RIDESA)]. The sugar mills used were Usina Santa Tereza, Usina Trapiche, and Usina Pumaty, and they represented the LN, LS, and MS microregions, respectively, in accordance with the classification proposed by Koffler et al. (1986) . Experimental data were obtained using samples collected as of two moments in the sugarcane production cycle, adult plant, and sprout after the first harvest.
The following genotypes were analyzed: RB813804, RB863129, RB962545, RB962560, RB962659, RB962660, RB962977, RB962882, RB962943, RB962962, RB962975, RB972773, SP78-4764, SP79-1011, RB962602, RB962628, RB962790, RB962806, RB962812, RB962920, RB962965, and RB963240. A randomized block design with 4 repeats was used. Experimental parcels were defined as a set of five 8-m rows interspaced by 1-m passages. Plantations were grown according to the traditional method. Soil pH corrections and fertilization techniques were performed following the system adopted by each agro-industrial company.
The variables analyzed were as follows: sucrose percentage in cane juice (POL%), tonnage of saccharose per hectare (TPH), sugarcane tonnage per hectare (TCH), fiber, solid soluble contents, total recoverable sugar tonnage (ATR), and total recoverable sugar tonnage per hectare (ATR t/ha). For the estimation of TPH, TCH, and ATR t/ha, the methods described by Dutra Filho et al. (2013) were used. Fiber (FIB), corrected POL (PCC), and ATR were calculated according to the method reported by Fernandes (2003) . Multiple-factor analysis of variance was used for the experiments and genetic parameter estimates (Cruz, 2006) . Means were clustered using the Scott and Knott (1974) test at 5% probability. The environments were stratified according to the method reported by Cruz et al. (2012) . Analysis of variance (ANOVA) and methods developed by Wricke (1965) and Annichiarico (1992) were used to analyze phenotype adaptability and stability. All data were processed using the GENES program (Cruz, 2006) .
RESULTS
On the basis of the variance analysis for the experiments, significant differences in TPH, TCH, and ATR t/ha were observed for all genotypes evaluated in the microregions LN, LS, and MS (Table 1 ). Significant differences were detected for all variables with respect to the harvest cycles considered. With respect to genotype x harvest cycles, significant differences were observed in the LN microregion for all the variables, except FIB. In the LS microregion, significant differences were found for TPH, TCH, and ATR t/ha, and, in the MS microregion, significant differences were detected for FIB, PCC, solid soluble contents, and ATR.
Means clustering (Scott and Knott, 1974) (Table 2 ) allowed the placement of genotypes that performed better in superior groups. In the LN microregion, genotypes SP78-4764, SP79-1011, RB962962, RB863129, RB962560, RB962675, and RB962877 clustered and formed group "a" for variables TPH, TCH, and ATR t/ha. In the LS microregion, genotypes SP78-4764, RB813804, RB963043, RB962687, SP81-3250, RB963085, SP79-1011, RB962943, RB963193, RB963086, RB963094, RB963034, and RB962545 clustered and formed group "a" for TCH. In the MS microregion, genotypes SP78-4764, SP79-1011, RB962902, RB962965, RB813804, and RB963240 clustered and formed group "a" for ATR t/ha. Regarding the estimated genetic parameters (Table 3) , the heritability coefficient was of average magnitude for the variables TPH, TCH, and ATR t/ha in the LN and LS microregions. However, this coefficient was of a higher magnitude for these variables in the MS microregion.
Environment stratification (Table 4) revealed the similarity pattern in the genotypes' response to the LN and MS microregions for TPH and TCH and to the LN and LS microregions for ATR t/ha.
According to the methods for classical selection index and sum of ranks, the highest genetic gains will be obtained via selection based on TCH, which is used to estimate TPH and ATR t/ha (Table 5) . Table 6 presents phenotype adaptability and stability for TPH, TCH, and ATR t/ha by using the Wricke method. Genotypes RB813804 and SP79-1011 showed higher stability for TPH and TCH, and genotypes RB813804, RB962545, and SP78-4764 showed high stability for ATR t/ha, suggesting commercial cultivation for these genotypes in any of the considered environments.
The method used by Annichiarico (1992) showed that the LN microregion was unfavorable and the LS microregion was favorable to variables TPH, TCH, and ATR t/ha (Table 7) .
On the basis of these considerations, it was concluded that genotype SP78-4764 exhibited a higher general adaptability for TPH and can be recommended for cultivation in the 3 surveyed environments (Table 8) . Genotypes RB813804 and SP78-4764 presented specific adaptability to favorable environments LS and MS (Table 8) . Genotype SP78-4764 exhibited a higher general adaptability for TCH. Genotypes SP78-4764 and SP79-1011 presented specific adaptability to unfavorable environments LN and MS (Table 7) . Genotypes SP78-4764 and SP79-1011 exhibited a higher general adaptability for ATR t/ha. Genotypes SP78-4764 and SP79-1011 presented a specific adaptability to favorable environments LS and MS (Table 7) . 
DISCUSSION
Results of the variance analysis show the occurrence of genetic variability across the evaluated genotypes on the basis of variables that, according to Bastos et al. (2003) , are among the most important elements in sugarcane production. For the source of variation in harvest cycle, Rosse et al. (2002) , pointed out that these differences as a consequence of adverse climatic factors exert an influence on the expression of the considered variables. According to Silva (2008) , the significant interaction between genotype and harvest cycle is the result of the distinctive manner in which genotypes react in different environments. This provides breeders an opportunity to select superior genetic materials that have only a few variations in productivity with respect to sugarcane and sugarcane ratoon (Neto et al., 2012) . Souza et al. (2012) obtained similar results when they evaluated the agro-industrial performance of commercial sugarcane cultivars in the Mata Centro microregion of Pernambuco, and they identified genotypes with the highest productivity in three harvest cycles.
According to Dutra Filho et al. (2011) , when the values of genetic variance are high in relation to the interaction between genotype and harvest cycle variance or the interaction between genotype and environment variance, along with a high heritability coefficient, a very favorable situation is indicated for breeding, i.e., expression of the characters used in the selection process is mostly due to genetic effects, and not the environment. This shows the greater reliability of phenotypic values as indicators for genetic values that favor the selection process. In the present study, this fact has not been completely verified (Table 3) . For example, genetic variance was superior for genotype x harvest cycle variance in the three microregions for TCH. Genotype x harvest cycle variance was greater than genetic variance in the LN and LS microregions for TPH, and the heritability coefficients showed an average magnitude. Indeed, with the heritability of average magnitude and discrimination of the genotypes by the average testing used, the breeder can identify, with a certain safety margin, the genotypes to be grown in the evaluated environments. However, as the interaction between genotype and harvest circle variance was significant and the genotypes presented in a distinctive manner in different environments, it is important to observe that there are common genotypes in the environments considered to realize statistical analysis more elaborate to verify the nature of interactions and identify genotypes adapted to the climatic conditions in question. In the present study, the genotypes RB813804, RB962545, SP78-4764, and SP79-1011 were used in the environment stratification and adaptability and stability analyses.
As a general rule, commercial planting of the evaluated genotypes is performed in the 2 most homogeneous microregions (Table 4 ). According to Oliveira et al. (2004) , environments should be chosen on the basis of the specific needs defined in cultivation programs. They state that criteria such as availability of research centers, easy access, and relevance of production centers (microregions) should be adopted. This also reveals the need for phenotype adaptability and stability analyses so as to identify genotypes adaptable to other microregions.
It is important to emphasize that the phenotypic adaptability and stability analyses should be performed on the basis of TPH, TCH, and ATR t/ha because, according to the methods for classical selection index and sum of ranks, the highest genetic gain will be obtained via selection based on TCH, which is used to estimate the abovementioned variables (Table 5) .
However, one of the limitations of the adaptability and stability analysis by using the Wricke method, according Cruz et al. (2012) , is the vagueness of the stability parameter due to the lack of information of the considered environments with no direction of response of the genotypes to specifics environmental (Cruz et al., 2012) .
Although it can be applied to a limited number of environments, the Wricke method (1965) quantifies only the relative contribution of each genotype to the interaction between genotype and environment and identifies the most stable genotype; thus, it is important to use other methods to collate information on the magnitude of the interactions.
According to Amorim et al. (2006) , the method proposed by Annicchiarico (1992) considers that an ideal genotype has the highest mean percentage and the highest recommendation index. By using this method, it is possible to classify sugarcane microregions on the basis of favorable and unfavorable environments (Table 7) . Silva et al. (2004) concluded that the method developed by Annicchiarico (1992) is among the best, since it includes, under one parameter, the concepts of adaptability and stability, which makes result interpretation easier.
The Annichiarico method was more efficient than ANOVA and the Wricke method (1965) for the adaptability and stability analyses in order to establish a recommendation index of genotypes for favorable and unfavorable environments. Even after considering the small number of evaluated environments, we recommend the genotypes SP78-4764, RB813804, and SP79-1011 for the LN, LS, and MS microregions, respectively.
